Introduction
T-2 toxin, one of the toxic Fusarium trichothecenes, exhibits profound immunosuppressive effects through the killing of circulating numbers of both B and T lymphocytes and significantly reduces circulating IgG and IgM antibody levels. At present, however, the mechanism of T-2-induced immunosuppression remains poorly understood. Recently, we reported that acute exposure of T-2 caused severe thymic atrophy in vivo in mice through a mechanism of apoptotic cell death. Additionally, it was shown that neither endogenous glucocorticoid nor tumor necrosis factor-a appeared to be involved in the apoptotic process but it was dependent on the de novo protein synthesis. Ueno's group also has reported that T-2 is a potent inducer of apoptosis in in vitro and in vivo. Doi's group also reported the in vivo apoptotic phenomena in the * T-2, T-2 toxin ; 3'-OH-T-2, 3'-hydroxy-T-2 toxin; HT-2, HT-2 toxin ; 3'-OH-HT-2, 3'-hydroxy-HT-2 toxin ; NEOS, neosolaniol ; TOL, T-2 tetraol ; PBS(-), Dulbecco's phosphate buffered saline (Mg2+ and Ca2+ free, pH 7.3) lymphoid organs of mice induced by T-2. The reported evidence described above has suggested that T-2 might injure a variety of animal cells through apoptotic mechanism .
As for the structure-function relationship of toxin structures , we have found that there is no correlation between the toxicity in terms of LD50 values of trichothecene mycotoxins and the potential to induce thymic apoptosis in vivo. This finding prompted us to investigate the structure-activity relationship of trichothecenes to induce apoptosis in animal cells . Regarding in vivo experiment, we have already reported that 3'-OH-T-2 is able to induce thymic apoptosis in mice as potent as T-2.
In the present study, HL-60 human promyelotic leukemia cells were used as a simple system and we evaluated the apoptosis inducing-ability of T-2 and five of its metabolites (3'-OH-T-2 , HT-2, 3'-OH-HT-2, NEOS and TOL ; Fig. 1 ) on this cell line . We show here that T-2 and HT-2 were capable of inducing apoptosis in HL-60 cells significantly.
Materials and Methods
Mycotoxins and reagents Trichothecene mycotoxins including T-2 , 3'-OH-T-2, HT-2, 3'-OH-HT-2, NEOS and TOL were prepared and purified in the laboratory of Dr . Yoshizawa, Kagawa
University. The purity of these mycotoxins was over 98% determined by gas-liquid chromatography. DNA quantitation is summarized in Fig. 4 . The result indicates that among the mycotoxins tested, T-2 was the most potent agent. Hydrolysis of acetyl ester at C-4 position of T-2 to produce HT-2 could induce apoptosis significantly but it was less potent than T-2. Intact isovaleryl group at position C-8 of T-2 presumed to be important, since the apoptosis-inducing ability of T-2 was lost when the isovaleryl group was hydroxylated at C-3' position (3'-OH-T-2).
The activity to induce apoptosis was lost when isovaleryl group at C-8 on T-2 molecule was removed (NEOS) or when isovaleryl group of HT-2 was hydroxylated at C-3' position (3'-OH-HT-2). Complete hydrolysis of the side groups of T-2 (TOL) resulted into no effects like vehicle control.
It must be noted that the sequence of apoptosis-inducing ability of T-2 and its metabolites presented here did not completely parallel the in vivo sequence of our previous study. Previously we have reported that T-2 and 3'-OH-T-2 have similar effects in inducing thymic apoptosis in mice in vivo. Hydroxylation at C-3' of isovaleryl group of T-2 (3'-OH-T-2) did not reduce the extent of DNA fragmentation at all in the mouse thymus.
But in the present in vitro HL-60 system, the hydroxylated T-2 derivative, 3'-OH-T-2, did not induce apoptosis significantly (Fig. 4) .
Our in vitro data are consistent with a growth inhibition study of Tetrahymena pyriformis GL, where 3'-OH-T-2 was 76 times less toxic than that of T-2. It is reported that the toxicity of T-2 and its metabolites varied species to species and route of inoculations of the toxins15'. T-2 and HT-2 are metabolized to 3'-OH-T-2 and 3'-OH-HT-2, respectively, in various animal species and the metabolic conversion is cytochrome P-450-dependent. However, we do not know the metabolic system of HL-60 cells but there is a report that benzene metabolites did not induce P-450 (CYP) 1A1 mRNA in HL-60 cells instead it was induced in other two human cells21~. In order to elucidate the functional dissimilarity of 3'-OH-T-2 in in vivo mouse model and in vitro HL-60 system presented herein, additional experiments are required to look into the metabolic system and the hypothetical trichothecene mycotoxin-receptors in both systems.
